INTRODUCTION
Mastitis is an endemic disease in dairy herds worldwide and causes, among other problems, the greatest economic loss related to production diseases [1, 2] . Decisions related to the control of mastitis can occur at the cow, farm, regional or country level [2] . For instance, decisions at the regional or country level are those that are mainly related to data collection and include data collection(database) from a given region and its population to investigate the benefits of mastitis control programs [3, 4, 5] . Somatic cell counts (SCC) are widely recognized as a subclinical mastitis indicator and are used in the evaluation and monitoring of the health of the mammary gland in dairy herds in several countries [6] . In an effort to improve product quality and, indirectly, farm productivity, regulatory limits on SCC have been established by many of the major dairy producing countries. In Europe, the Council Directive 92/46 of the Council of the European Communities in April 1992 stated that milk with SCC over 400,000 cells/mL may not be used for fluid milk and, starting in 1998, not even for human consumption. In North America, limits are placed at 750,000 cells/mL (USA) and 500,000 cells/mL (Canada) [7] . In July of 2016, a limit of 400,000 cells/mL will be established for dairy herds located in the southeastern of Brazil. [8] .
Monitoring SCC at the herd and regional level requires longitudinal data [6] . A time series analysis of BTSCC of dairy herds from a specific region or country can provide information about a situation and trend of subclinical mastitis at the regional or country level and is useful to make decisions on the mastitis control program. Countries which establish a regulatory limit for BTSCC can use a time series to asses trends of herds that do not achieve these limit. For instance, the time series of BTSCC from 1994 to 2004 in Irish dairy herd showed different trends according to specific periods [9] . In Canada, the time series from 1985 to 1991 showed substantial decrease of BTSCC due to regulatory limit [10] .
Comparing the time series of BTSCC of dairy herds from different regions or countries can be useful to identify similarities and/or differences related to the health of the mammary gland and help make decisions at the regional or country level for the mastitis control program. The objective of the present study was to evaluate the differences between a time series of BTSCC from dairy herds located in the southeastern region of Brazil [11] . The time series of BTSCC from the United States dairy herds used in this study was related to the annual geometric mean of BTSCC and the percentage of dairy herds with an annual geometric mean greater than 400,000 cells/mL. The number of herds of each country and year, the annual geometric mean of BTSCC (AGM)and percentage of dairy herds with a geometric mean of SCC greater than 400,000 cells/mL ('%>400') are presented in 
Statistical Analyses
Data from the United States dairy herds [11] were divided into two time series. The first and second time series were from 1995 to 2003 and from 2004to 2014, respectively. Descriptive statistics were performed using the number of dairy herds, AGM and'%> 400' according to the countries and the time series. The normality of the data of the number of dairy herds, AGM and '%> 400' for each time series distribution was evaluated by the Shapiro-Wilk test. The significance of the arithmetic mean differences between the number of dairy herds, AGM and '%> 400' according to time series was determined by an independent samples t-test. Levene´s test was used to evaluate the variance between the time series. Linear regression analyses were conducted using the AGM and '%>400' as the dependent variables (y) and the year as the independent variable (x). Thus, three linear regression analyses were performed to compare the slope among the time series according to the dependent variables. The linear regression and angular coefficients were evaluated for statistical significance. The statistical analyses were performed using SPSS version 8.0 [12] .
RESULTS AND DISCUSSION
The three time series evaluated in this study presented a normal distribution for the number of herds according to the results of the ShapiroWilk test (p>0.05). Levene´s test showed equal variance for both of the USA time series when compared with the Brazil time series for '%>400' but different variances between the USA and the Brazil time series for AGM.
The independent samples t-test showed that the means of the number of dairy herds according to the countries and time series were different (p <0.05) ( Table 2) . Therefore, the size of the population of the dairy herds should be regarded when comparing the time series of AGM and '%>400'. The annual geometric mean of BTSCC according to the countries and the time series were different, as shown by an independent samples t-test (p <0.05) ( Table 3) . The results showed a significant reduction of AGM from the USA dairy herds from the first to the second time series. The means of '%>400' according to the countries and time series were also different, as shown by the independent samples t-test (p <0.05) ( 
Table2. Descriptive statistics of the number of dairy herds according to the countries and the time series

UB -Upper bound
The linear regression models of AGM were statistically significant (p <0.01) for the first and second USA time series. Similarly, the linear regression models for'%>400' were also statistically significant (p <0.01) for the first and second USA time series (Table 4 ). The first and second USA time series presented an increasing and decreasing trend of AGM, respectively. The same increasing and decreasing trends were observed for '%> 400' for USA dairy herds according to the time series. The linear regression model for the first USA time series estimated an increase of approximately 2,000 cells/mL for AGM and 0.39% of '%>400' per year (Table 4) . However, the second USA time series showed an inverse relationship with a decrease of approximately 12,500 cells/mL of AGM and 1.8% of'%>400' per year (Table 4) . Although the first and second USA time series showed respectively an increase and decrease of AGM and '% > 400',when the data of the USA time series were analyzed for the entire time period, a significant decrease of approximately 6,800 cells/mL and 1.0% for the dairy herds with a BTSCC greater than 400,000 cells/mL was observed per year [11] . In the Brazil time series, the AGM and '%>400'means were 518,000 cells/mL and 54.7%, respectively. The Brazil AGM was1.65 and 2.10 times greater than the first and second USA time series, respectively. The mean of the'%>400' in the dairy herds located in the southeastern region of Brazil was 25.3 and 34.7% greater than the first and second USA time series, respectively ( Table 4) . The linear regression model for the Brazil time series was not statistically significant for either of the dependent variables (p >0.05).
Table4. Linear regression analysis for the annual geometric mean of the bulk tank somatic cell counts (AGM) and the percentage of dairy herds with bulk tank somatic cell counts greater than 400,000 cells/mL (%>400) according to countries and years
Dependent variable
The location and number of dairy herds used in the USA time series provide adequate information to make an inference for the USA dairy herds because the data obtained were representative of the entire country. The results showed a significant reduction of USA dairy herds from the first to second time series. Although the dairy herds from Brazil were not randomly selected, the location and number of dairy herds used in the Brazil time series provide adequate information to make an inference for the dairy herds located in the southeastern region of Brazil, which is an important region for milk production in Brazil.
The data of the Brazil time series of BTSCC were from dairy herds located in the southeastern region. Therefore, the results and inference regarding BTSCC can be applied only to dairy herds located in this region of Brazil. Although the first USA time series from 1995 to 2003 showed a reduction in the number of herds over time (almost 15,000 dairy herds), there was a slight increase in the AGM and '% > 400'. In this period, at the country level, no improvement was observed in the subclinical mastitis situation. This situation suggests that the control and prevention procedures of subclinical mastitis were not homogeneously and not efficiently adopted in the country, which could be observed in the BTSCC time series. In contrast, the second USA time series showed a decrease in the number of dairy herds, AGM and '% > 400'. In this time series, a significant improvement in the subclinical mastitis situation was observed from 2004 to 2013.
In 2007, the National Animal Health Monitoring System (NAHMS) performed a national study to estimate the prevalence of mastitis contagious pathogens [13] . Of the three contagious mastitis pathogens, S. aureus had the highest herd-level prevalence at 43.0% of the dairy herds, whereas S. agalactiae and Mycoplasma spp. were found in 2.6 and 3.2% of dairy herds, respectively. In the same year, 2007, the AGM was 276,000 cells/mL, and 24% of the USA dairy herds presented an annual geometric mean of BTSCC greater than 400,000 cells/mL. Therefore, the AGM and '% > 400' for USA dairy herds for 2007 were associated with prevalence of 43.0, 2.6 and 3.2% for S. aureus, S. agalactiae and Mycoplasma spp., respectively. The second USA time series presented a decrease of approximately 15% for dairy herds that presented a BTSCC greater than 400,000 cells/mL ( Table 2 ), suggesting that the prevalence of subclinical mastitis, and consequently the prevalence between herds for contagious mastitis pathogens, also decreased. Dividing the data of the USA dairy herds into two time series allowed the identification of acritical period where there was an increase of AGM and '% > 400'.After this period, a decrease of both variables was observed, indicating an improvement of mammary gland health.
Since the introduction of a standard mastitis prevention program [14] , there has been much progress in decreasing the prevalence of subclinical mastitis, which is mainly caused by Staphylococcus aureus and Streptococcus agalactiae agalactiae, and consequently a decrease in the BTSCC in national milk production has been achieved [6] . The main approach for the control and prevention of S. agalactiae should be directed toward eradication of this pathogen through treatment of infected cows. In contrast, the approach for the control measure of S. aureus should be based on the culling of cows with chronic infection due to its difficult elimination [15] . The decrease of approximately 63,000 USA dairy herds and the consequent elimination of chronically infected dairy cows from these herds can be one of the causes responsible for the decrease of AGM and '% > 400'. However, this association with the elimination of chronically infected dairy cows suggests that the main control measures improvement at the country level [2] . The percentage of USA dairy herds that exceeded the legal limit would also have been higher than the percentage of herds that had milk rejected from the market because market exclusion only occurs after repeated violations [11] .
The Brazil time series of AGM and '% > 400' showed that the control of subclinical mastitis is one of the challenges of the Brazilian dairy industry located at southeastern region. This critical situation is mainly due to a high percentage of dairy herds with a BTSCC greater than 400,000 cells/mL, which is the regulatory limit established by Brazilian legislation for these dairy herds after July of 2016 [8] . When comparing the BTSCC parameters from the Brazil dairy herds with both of the USA time series, the results suggest that the prevalence between dairy herds for S. aureus and S. agalactiae were greater than 43.0 and 2.6%, respectively. A high '% > 400' was observed (Table 3) , which suggests that the specific procedures according to contagious mastitis pathogens are not widespread and were not adopted efficiently in dairy herds in the southeastern region of Brazil.
According to the linear regression models, the situation related to AGM and '% > 400' in dairy herds located at the southeastern region of Brazil will not increase or decrease suddenly.
Regarding the confidence interval of 95% for the mean, the AGM and '% > 400' will range from 491,000 and 546,000 cells/mL and from 51.1 to 58.2%, respectively, for the next couple of years if mastitis control procedures at the herd and regional level are not adopted, which is mainly related to contagious pathogens. Even if milking procedures to control mastitis was adopted at the regional level but if there is not a heavy culling of the cows with chronic infection, the AGM and '% > 400' will not decrease suddenly. Considering the second USA time series of BTSCC, a decrease of 20% of the herds with a BTSCC greater than 400,000 cells/mL is possible within 10 years. In southeastern Brazil, if the design and adoption of a mastitis control program at the herd and regional level occurs in a short time, the decrease of BTSCC will occur over a medium or long time. Therefore, in regards to the regulatory limits established in Brazil, a trend of maintaining the percentage found in this study for dairy herds with a BTSCC greater than 400,000 cells/mL will keep for the next several years. Subclinical mastitis in dairy herds from the USA and the southeastern region of Brazil presented differences according to a time series. Dairy herds from the southeastern region of Brazil did not present a trend of improvement related to a decrease of BTSCC, and approximately 50% of the dairy herds will not achieve the regulatory limits. Monitoring BTSCC at the regional or country level over time provides an opportunity to evaluate progress in the dairy industry and study relationships between the parameters of dairy herds and estimate the efficacy of mastitis control programs.
